Enzyme amplification has proved to be a highly sensitive quantification technique for immunoassays. We have shown that by using a fluorescent end-point, even more sensitiveenzyme amplification assays can be generated than hitherto reported. We describe some general properties of this system and demonstrate its application in an assay for human proinsulin in plasma. The detection system can be used to measure less than one thousandth of an attomole (1 zeptomole) of alkaline phosphatase, equivalent to about 350 molecules of alkaline phosphatase per well of a microtiter plate. We have used this system to construct a proinsulin assay with a sensitivityof 0.017 pmol/L. In the present study we used the dye resazurin, which has been used in the dairy industry since the 1930s (6).
reagent to an intensely purple formazan dye. The oxidized form is thus continuously cycled with the formation of detectable product with every turn of the cycle. The cycle works analogously if it is initiated from the opposite side, i.e., NADH generated from NADPH. For each molecule of NADH generated, -600 molecules of formazan dye may be produced by a redox amplification system in -10 mm (5). Colorimetric read-out of the system is convenient, and the dynamic range of the assays may be increased, when required, by means of kinetic recording techniques.
Although these techniques are exquisitely sensitive, fluorometric techniques are often found to be inherently more sensitive than the corresponding spectrophotometnc procedures.
We have, therefore, investigated the degree of sensitivity that might be achievable by incorporating a fluorometric end-point in a standard enzymeamplified system as shown in Figure 1 . In doing this, we anticipated an additional advantage: a greater dynamic range. Unlike colorimetric systems, in which quantifying transmission changes becomes difficult when the absorbance becomes relatively high, the practical limitations on fluorescence usually involve exhaustion of substrate or fluorescence quenching.
In the present study we used the dye resazurin, which has been used in the dairy industry since the 1930s (6).
Although this compound might not be ideal for ultrasensitive fluorescent assays, it could clearly be substituted for the INT-violet in enzyme-amplified procedures.
Resazurin is a blue compound that, on reduction, produces resorufin, a compound with visible (bright pink) fluorescence. It was previously applied to the analysis of dehydrogenase enzymes by Guilbault and Kramer (7) in conjunction with the NAD'7NADH system. The considerable interest in highly sensitive assays for proinsulin, coupled with our experience with this substance, led us to use prounsulin as the model analyte in this investigation. 
MaterIals and Methods
; these values differed slightly from the spectra described by Guilbault and Kramer (8) (560 nm for excitation and 580 rim for emission). However, it was not possible to verify the calibration of our instrument. 
Amplified Enzyme Quantification

Comparisonof FluorescenceReagent with INT-Violet
To compare the two reagents directly, we made a solution of amplification enzymes up to 20 mL in phosphate buffer containing 1.16 mL of ethanol, and divided this solution into four equal portions. To one portion we Estimationof Maximum Sensitivityfor ALP This experiment was performed with a Milhipore Cytofluor 2300 microplate fluorometer in which the excitation and reading of fluorescence takes place below the plate rather than above it, as with the Fluoroskan (this design precludes the use of opaque microtiter plates available for fluorometry). Sensitivity setting no. 1 (least sensitive) was used to achieve the necessary compromise between a low background and keeping the response within the limit recordable by the instrument. In this instrument the wavelengths available from the standard filters were 530 nm for excitation and 590 rim for fluorescence. The 530-nm excitation wavelength is slightly farther from the optimum of 570 nm than is the 544 rim available on the Fluoroskan instrument. 
Effect of Serum on Detectionof NAD
ImmunometricAssay of Human Proinsulin
Maxisorp strips for constructing microtiter plates of up to 96 wells were coated with the IgG fraction of a guinea-pig antiserum raised against human prounsulin ble to achieve this sensitivity and a particularly wide dynamic range without recourse to kinetic analysis of the enzyme reaction. However, by analog' with spectrophotometric systems (5), kinetic reading and analysis should improve the system even further.
We have shown resazurin to be highly effective in the enzyme amplification system in spite of the fact that, to some extent, it quenches the fluorescence of the resorufin product. This is important at high resazurin 
